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^STRACTj  TFE-resin  ’Teflon"  coating  systems  were  prepared  on  steel  and 

maUri^  from  proprietary  TFE-resin  primer  and  enamel  coating 

material .  The  resultant  68  systems  were  evaluated  using  visual  and  ^ 

aicIlIJatiJ  thickness,  swface  roughness,  adhesion, 

high  humidity),  and  wettability 

equal'colMslorim+ft?  food  adhesion  aSId 

oHL  corrosion  protection  to  be  dependent 

on  the  total  film  thickness,  the  black  and  white  enamels  to  provide 
su^rlor  corrosion  protection,  and  the  gray  enamel  to  provide  inferior 
protection.  The  rate  of  heating  to  TFE-resin  sintering  temperatures  of 
two  aluminum  alloys  with  increasing  cross  sectional  thicknew  in  the 
uncoated  condition,  and  with  one,  two,  and  three  coats  of  TFE-resin  was 

®™^"®  required  to  sinter  TFE-resin  coatings 

on  various  sise  pieces.  Also,  the  effect  of  the  TFE-resin  sintering 

orjaHon*  Jhe  mechanical  properties  of  two  representative  aluminum  alloys 

allovs^ueJii^^ffrtr*/®®  ^he  properties  of  the  hardened 

alloys  were  effectively  reduced  to  those  of  the  annealed  state. 
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1 

EVALUATION  OF  TFE-RESIN  COATING  SYSTEMS 


INTRODXTION 

Previous  reports  such  as  NAVWEPS  OD  10362^,  NAVWEPS  Report  69482  and 
NAVWEPS  Report  6949^,  as  well  as  the  report  of  this  investigation,  deal  with 
thin  films  of  "Teflon"  applied  to  metal  substrates.  "Teflon"  is  the 
registered  trade-mark  for  a  family  of  DuPont  fluorocarbon  resin  jaroducts. 

They  are  either  tetrafluoroethylene  resins  (TFE-fluorocarbon  resins)  or 
fluorinated  ethylene  propylene  resins  (FEP-fluorocarbon  resins).  The  "Teflon" 
used  in  this  and  the  above  reports  was  the  TFE-fluorocarbon  resins  (TFE- 
reslns)  in  form  of  stabilized  aqueous  dispersions.  These  aqueous  dispersions 
of  small  particles  of  TFE-resins  and  inorganiz  additives  are  proprietary 
primers  and  enamels,  (clear  and  colored)  formulated  by  the  Finishes  Division 
of  E.  I.  DuPont  de  Nemours  and  Company  (inc.). 


As  a  film,  one  of  the  outstanding  applications  of  TFE-resin  is  as  a  dry 
film  lubricahtj  that  is,  if  the  film  is  thin  enough  to  permit  the  substrate 
to  contribute  to  the  load  carrying  capacity  of  the  film.  For  use  primarily 
as  a  dry  fi^  lubricant,  the  thin  TFE-resin  film  should  not  exceed  1.0  mil 
(0.001  inch)  in  thlckness.4  Considering  the  above  condition,  most  of  the 
coating  systems  of  this  investigation  are  less  than  1.0  mil  in  thickness. 
Films  thicker  than  1.0  mil  were  also  evaluated  because  of  their  applicability 
to  conditions  other  than  lubrication.  Corrosive  environments,  antisticking 

extreme  temperature  conditions  are  additional  situations  in 
which  TFE-resin  films  have  excellent  utility. 

For  application  of  the  aqueous  dispersions  of  TFE-resins,  the  procedures 
were  essentially  those  used  in  references  1,  2,  and  3.  This  dispersions 
were  applied  to  aluminum  and  steel  panels  and  blocks  as  thin  films.  Both 
the  film  and  substrate  material  were  evaluated  from  results  of  quality  tests; 
however,  no  extensive  tests  were  performed  to  determine  the  set  of  con¬ 
ditions  which  gave  the  best  films  for  use  in  this  investigation.  All 
dispersions  were  sprayed  similarly  and  sintered  for  periods  of  time  depending 

°!!  TFE-resins.  Because  of  the  variety  of  dispersions 

of  TFE-resins  available,  many  combinations  of  TFE-resLn  films  as  coating 
systems  were  evaluated  in  this  Investigation. 


This  report  includes  experimental  data  on  uncoated  aluminum  alloys 
subjected  to  heating  cycles  encountered  in  the  sintering  of  TFE-resins 
see  Part  2.  * 

The  purpose  of  this  investigation  was  to  obtain  data  from  quality  tests 
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of  TFE-resin  films  on  metal  substrates  so  that  the  following  documents  could 
be  prepared: 

1.  A  specification  for  thin  films  of  TFE-resins  applied  to  metal 
substrates. 

2.  An  ordnance  data  document  for  applying  thin  films  of  TFE-resfns  to 
aluminum  alloys. 

3.  A  revision  of  NAVWEPS  OD  10362,  Application  of  Thin  Films  of  TFE- 
resins  to  Ferrous  Materials, 


mVTOPS  REPORT  6969 


experimental  procedure 


TPE  Mspsrslons  of  TFE-Resins.  Available  aqueous  dispersions  of 

«»e  obtained  from  E.  I.  DuPont  de  Bemours  and  Co.^Ino.).  T 
E-resins  are  listed  and  are  designated  in  the  following  table: 

Table  1  -  Aqueous  Dispersion  of  TFE-Resins 


The 


850-201  Primer  for  Steel 


850-202  Primer  for  Aluminum 
850-204  Primer  (Green)  for  Steel 


851-201  Gray  Enamel 
851-202  White  Enamel 
85I-203  Red  Enamel 
851-205  Black  Enamel 
85I-206  Blue  Enamel 
851-207  Yellow  Enamel 
85I-214  Green  Enamel 
Fi 


2 

3 

4 

5 

6 
7 

_ 8 

Application  of  TFE-Resins  to  Metal  liiKa+ro'f « 
subtrates  were  aluminum  and  steel  i^  paLl  form  Thl  !i^ 

5.50  inches  by  4.25  inches  and  5.50  iLhes  bv  aluminum  panels  were 

O.O64  inch  sheet  stock,  mill  finish  nTTif  •  1-25  inches  prepared  from 

panels,  6.00  inches  by  4^00  iLhes  6  LJrTvf 
from  16  gauge  (0.06-lnch  thick)  cold  rolled^  satin 

Specification  QQ-S-692,  Class  A.  ^  finish,  meeting  Federal 


NAV1BB5  REPORT  6969 


or  po1^ftX:A^^:xt:eV 

s^dbisr  ’'”•*  »; 

at  700orfor’’l0^tOo''MSr“heral^^”  “®”  oxidized 

operation  was  to  remove  any  easeoua  to  room  temperature.  This 

trapped  between  the  TFE-resln  film  and 

were  oxidized  the  same  P®"®1® 

desslcator  until  oxidizing.  ^  sandblasted,  or  they  were  stored  In  a 

various  TFE-resln^OTlmerq*^*i  edges  with  the 

alloy  and  thro1h^r^pSst“1hT^^^^^^ 

DeVllblss  TGA  type,  flttS  with  «  ’^^®  was  a 

and  moisture  tr^s  and  separators  uer«^°  oll|  dirt, 

30  to  40  psl.  The  s^a“arheS  3  to  8  . 
sprayed.  A  lil„  thl=ka«s  of  0.2  to  0^3 

or  roo.  temperature  for  varying  lengths 

rrom  the  fim  (fusing  a  wei  flL  mrCurif  a  ^e Iter®^ 

ware  placed  In  a  room  tamperatSe XS  the  panels 

The  temperature  was  maintained  for  in  «<  w^ch  was  then  raised  to  180°F, 
held  for  10  minutes,  then  Increased  to^nnor*  Increased  to  700OF  and 

furnace  was  then  opened  and  the  fuLd  flSs^ue^e  minutes.  The 

spray.  ®®  ^'*®®°  ^il^ns  were  quenched  with  a  water 

primers  ««ept^forLTadditloMfcoatinf'^fM  ®®  ^^® 

fusing  time.  This  was  done  became  the  mJ  ''®®  ^he 

ductlvlty  and  absorbs  heat  as  It  underfro  +w!^®^u  ^®®  thermal  con- 
thicker  films  require  a  longer  tii^  wf  J*"®  P^®®®  change.  Panels  with 

dfl?%rr  Y^®‘^  ®^^®^  ®®®h  coating\ith  clLn^®  temperature.  The 
dull  finish  (dust)  of  the  fused  fS.  ®"  remove  the 

fus4^^^^^^^^^^  i--lgtl^^  for  the  oxidation,  drying,  and 

he  accuracy  of  temperature  control  was  Within  exhaust. 
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Coating  System.  The  systems  with  ome  coat  of  ja-imer  pins  a  single  coat  of 
enamel  were  prepared  so  that  each  primer  with  each  enamel  as  a  topcoat  was 
evaluated.  The  systems  of  steel  primer  (A)  plus  multiple  coats  of  each  enamel 
were  prepared  in  order  to  evaluate  the  enamels  as  the  thickness  of  the  coating 
system  increased.  It  was  unnecessary  to  use  more  than  one  primer  for  this 
purpose.  The  systems  of  one  coat  of  steel  primer  (a)  plus  one  coat  of  each 
enamel  plus  one  coat  of  clear  finish,  were  evaluated  because  these  are  systems 
wMch  would  logically  be  used  where  thick  films  are  required.  .The  system 
01  two  corts  of  one-coat  enamel,  was  evaluated  because  it  had  been  used  often 
in  the  past.  The  one-coat  enamel  was  also  evaluated  as  a  primer  because  it 
is  used  so  extensively,  and  the  question  of  possibility  of  its  use  as  a 
primer  had  been  raised.  A  total  of  68  coating  systems  were  evaluated. 


Tables  2  through  7  list  the  various  combinations  of  the  TFE-resins  that 
were  propped  for  evaluation  in  this  investigation,  show  how  they  were 
designated,  and  show  the  number  group  of  the  panels  to  which  they  were 
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TABLE  2  -  TFE  -  RESIN  COATING  SYSTEM 
(STEEL  PRIMER  A:  TOPCOAT  -  ONE  COAT  OF  THE  ENAMELS) 


Coating  System 

Designation# 

lumbers 

L-*Panel8* 

S-Panels** 

850- 201  Primer  for  Steel 

851- 201  Gray  Enamel 

A1 

t 

1-12 

685-687 

850- 201  Primer  for  Steel 

851- 202  White  Enamel 

A2 

13-24 

688-690 

850- 201  Primer  for  Steel 

851- 203  Red  Enamel 

A3 

25-36 

691-693 

850- 201  Primer  for  Steel 

851- 205  Black  Enamel 

A4 

37-48 

694-696 

850- 201  Primer  for  Steel 

851- 206  Blue  Enamel 

A5 

49-60 

697-699 

850- 201  Primer  for  Steel 

851- 207  Yellow  Enamel 

A6 

61-72 

700-702 

850- 201  Primer  for  Steel 

851- 214  Green  Enamel 

A7 

73-84 

703-705 

850-201  Primer  for  Steel 
852-201  Clear  Finish 

A8 

85-96 

706-708 

850-201  Primer  for  Steel 

A 

838-841 

dMlgnation  r.preB,i.ts  tn. 

The  represents  the  enanel  used.  Repetition  of  either 

alphabet  or  numberal  indicates  an  additional  coating  to 

correspond  to  the  repetition;  Oege,  Alll  is  a  coaUn^ystem 

of  one  coat  of  primer  (A)  and  three  coats  of  gray  enamel. 

L  PaTOls.  5.50-inch  Iqr  4.25-inch  aluminum  panels  and  6,00-inch 

examination,  corrosion,  surface  roughness  or  general  testing. 

S  50-inch  by  1.25-inch  aluminum  panels  and  6.00-inch 

y  1.25-inch  steel  panels  used  for  adhesion  testing. 
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TABLE  3  -  TFE  -  RESIN  COATING  SISTWl 
'(ALUMIHIM  primer  B;  TOPCOAT  -  ONE  COAT  OF  THE  ENAMELS) 


>11  Vi  ifrrir )  i 


Coating  System  Designation  L-Panels  S-Panels 


850- 202 

851- 201 

Primer  for  Aluminum 

Gray  Enamel 

B1 

846-857 

942-9U 

850- 202 

851- 202 

Primer  for  Aluminum 

White  Enamel 

B2 

858-869 

945-947 

850- 202 

851- 203 

Primer  for  Aluminum 

Red  Enamel 

B3 

870-881 

948-950 

850- 202 

851- 205 

Primer  for  Aluminum 

Black  Enamel 

B4 

882-893 

951-953 

850- 202 

851- 206 

Primer  for  Aluminum 

Blue  EnaoMl 

B5 

894-905 

954-956 

850- 202 

851- 207 

Primer  for  Aluminum 

Yellow  Enamel 

B6 

906-917 

957-959 

850- 202 

851- 214 

Primer  for  Aluminum 

Green  Enamel 

B7 

918-929 

960-962 

850-202 

852-201 

Primer  for  Aluminum 

Clear  Finish 

B8 

930-941 

963-965 

850-202 

Primer  for  Aluminum 

B 

966-969 
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TABLE  4  -  TFE-RESIN  COATING  SYSTEM 
(STEEL  PRIMER  C;  TOPCOAT  -  ONE  COAT  OF  THE  ENAMELS) 


Coating  System 

hanel  Numoers 

Designation 

L-Panels 

S-Panels 

850- 204  Primer  (Green)  for  Steel 

851- 201  Gray  Enamel 

Cl 

97-108 

709-711 

850- 204  Primer  (Green)  for  Steel 

851- 202  White  Enamel 

C2 

109-120 

712-714 

850- 204  Primer  (Green)  for  Steel 

851- 203  Red  Enamel 

C3 

121-132 

715-717 

850- 204  Primer  (Green)  for  Steel 

851- 205  Black  Enamel 

C4 

133-144 

718-720 

850- 204  Primer  (Green)  for  Steel 

851- 206  Blue  Enamel 

C5 

145-156 

721-723 

850- 204  Primer  (Green)  for  Steel 

851- 207  Yellow  Enamel 

C6 

157-168 

724-726 

850- 204  Primer  (Green)  for  Steel 

851- 214  Green  Enamel 

C7 

169-180 

727-729 

850-204  Primer  (Green)  for  Steel 
852-201  Clear  Finish 

C8 

181-192 

730-732 

850-204  Primer  (Green)  for  Steel 

C 

842-845 

8 


5  -  COAT*  SYSTEM  ™  ^^9 

(PRIMER  -  ONE  COAT  ENAMEL;  TOPCOAT  -  ONE  COAT  OF  ENAMEL) 


851-204  One -Coat  Enamel 
851-201  Gray  Enamel 

D1 

193-204 

733-735 

851-204  One-Coat  Enamel 
851-202  White  Enamel 

D2 

205-216 

736-738 

851-204  One-Coat  Enamel 

851-203  Red  Enamel 

D3 

217-228 

739-741 

851-204  One-Coat  Enamel 

851-205  Black  Enamel 

D4 

229-240 

742-744 

®51-204  One-Coat  Enamel 

851-206  Blue  Enamel 

D5 

241-252 

745-747 

®51-204  One-Coat  Enamel 

851-207  Yellow  Enamel 

D6 

253-264 

748-750 

851-20/  One -Coat  Enamel 
^51-214  Green  Enamel 

D7 

265-276 

751-753 

851- 204  One^oat  Enamel 

852- 201  Clear  Finish 

D8 

277-288 

754-756 

851-204  One -Coat  Enamel 

851-204  One-Coat  Enamel 

DD 

289-300 

757-759 

851-204  One -Coat  Enamel 

D 

301-312 

760-762 

„  „  NAVWEPS  REPORT  6969 

Table  7  -  TFE-Resin  Coating  System  (Steel  Primer  A; 

Topcoat  -  One  Coat  of  Enamel  and  One  Coat  of^ 

The  Clear  Finish) 


Coating  System 

Designation  of  Multiple  Too-Coated  T,-PAn«i« 

Three  Coats 

Panel  No, 

850- 201  Ftimer  for  Steel 

851- 201  Gray  Enamel 

852- 201  Clear  Finish 

A18 

313>324 

850- 201  Primer  for  Steel 

851- 202  White  Enamel 

852- 201  Clear  Finish 

A28 

325-336 

850- 201  Primer  for  Steel 

851- 203  Red  Enamel 

852- 201  Clear  Finish 

A38 

337-348 

850- 201  Primer  for  Steel 

851- 205  Black  Enamel 

852- 201  Clear  Finish 

A48 

349-360 

850- 201  Primer  for  Steel 

851- 206  Blue  Enamel 

852- 201  Clear  Finish 

A58 

361-372 

850- 201  Primer  for  Steel 

851- 207  Yellow  Enamel 

852- 201  Clear  Finish 

A68 

373-384 

850- 201  Primer  for  Steel 

851- 214  Green  Enamel 

852- 201  Clear  Finish 

A78 

385-396 

NAViiEPS  REPORT  6969 

steel  and  alurain^^^panlls^^systeMtic  systems  on  the 

ime,  the  tests  were  evaluated  ^  quality  control 

inducted  1„  thl8  lnvestlpitl™*Se?r„  foulf  Procedures.  The  tests 

Blcroscoiinxs^lrotllnrwre'^mf^orthe^TlT^^^^  “PWod  Ve  and 
i^y  of  the  tests.  Film  color  iLal  du  '*l'ore  and  after 

defects  were  observed  tilth  the ’unaided  ey^°  "ualnri  “<*  Woss 

scope  with  an  outside  lipht  aon^r  !  ^  ^  ®  stereoscopic  micro- 

30X,  6(K,  and  751  ^^Jf^JatlT  for  Z?LSn.'d“““”.”?  “-S*- 

and  80®  CflcaU»  ^aTu'sed”^^^^^^  ^OM. 

with  a  35«  camera  attachment  vhlch  «s  used  toZT^ho  Wl^^il,. 

on  each  oFthPl^Se  of^Srof  thf'”*i?  thickness  was  measured 

film  thickness  on  the  steel  panels ^ias^made"wltr^®“?  *4  of  the 

Gape;  measurement  on  the  aluminum  oaneio  ®”  Aminco-Brenner  Magne- 

The  accuracy  of  each  instrument^s^oorLw"?'^®  Filmeter. 

were  taken  at  four  points  Teach  nSeTLr^  P®**®®"^*  «®®dinps 

film  thickness.  It  was  desired  duHna  fv,  ^  averaged  to  give  the  panel 
apply  0.2#-#0.3  mils  -per  00!®^  of  the  panels  to 

on  four  paneirofTrcoatilg^svstfm^*  roughness  of  the  TFE-resin  film 
Surfindicator.  ModerBL-uS  "  inTl  ''tth  a  Brush 

instrument  records,  in  microinJhes  t?e  Lf 

mean  line  parallel  to  the  general  directlnn^^f^+k*^^^^  “  imaginary 
so  that  the  sums  of  the  leTJontained  W  ^h®  «^^face, 

profile  which  lie  on  eitS  side  o?  ?t  -  ?  P®"^® 

uncoated  side  of  the  panels  was  also  mlJT  ’’^®  ®^*’f®oe  of  the 

in  surface  roughness  due  to  the  film.  obtain  any  change 

one  coatTei^cl.T  bfef applied  To  The  ®r’  ®  Prlmer  and 

tested  for  adhesion  using  a  Sho^Je  DuroTeT,^^yTl:  ^  uTiTa^TeTTT^^^^^ 

probe  whLT  is^TtrTcTThTpT^^^^^^^^^  -nical 

vertical  force  exerted  is  apprStflyT??S**n  ?"  ®''''^®®®*  ^he 

slid  in  the  direction  of  its  longest  dlmM*?  ^^®"  ^^®  ‘^^rometer  is 
non-adherent  TFE-resin  films  areTlflihi!  ®  P®"®^»  unfused  or 

films  are  not  damaged.  Ploughed  or  detached;  satisfactory 
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secure! consists  of  bending  the  panel,  with  one  end  held 

”«t*l  substrate  fractures. 

in  An!  !  !;  tJlifiters  or  becomes  detached  from  the  substrate. 

In  any  way,  before  the  uetal  fractures,  It  1.  considered  to  have  poor  adhesion. 

rubhino  i"  ^”'**'**^?"  bbe  adhesion  of  the  films  was  also  accomplished  by 

Sfert  on  *'’®  "1"  «“>•<■««  “bile  obeervinp  the 

eiiect  on  the  film  at  30X  magnification. 

Corrosion.  The  resistance  to  corrosion  of  the  various 

Ws!  0?  r  accelerated  corrosion 

m!?!!,!  ®®‘^^  coating  system,  were  tested  according  to 

The  oanplq  Fed.  Test  Method  Std.  No.  151  using  a  20  percent  salt  solution, 
he  panels  remained  In  the  test  cabinet  for  a  maximum  of  336  hours  or  were 

?^®"  ®  general  breakdown  of  the  film  became  evident.  Examination  of 
the  panels  was  made  after  3,  8,  24.  32.  48.  72  100  1q?  59«  94c  .  ^ 

tester”  8y;tem^were 

tl!!  JAN  H  7Q2-  F  ^  TBlniive  humidity  according  to  Speciflca- 

salt  made  at  the  same  time  intervals  as  for  the 

I'tLeTiZV"  ''' 

final  con'd\tL'n\t!'^c'o!d!d.'"'''"'  ^'”®» 

®^®°  ®®^®®  ®®  ®  adhesion  of  the 

adhesion  is  present,  blisters 
will  be  formed  at  the  interfaces  of  fi’lm  layers, 

nr  TFF  Memorandum  Report  7775  states  that  wettability 

of  (Jeflon)  coatings  is  "indicative  of  the  nature  and  closeneL 

!urfwe  !f  the  T  comprising  the  outermost 

u!!?h  i^T®  angles  with  methylene  iodide  and  hexadecane 

would  indicate  low  hydrogen  and  high  fluorine  content,  low  adhesion  of 

liquids  Including  oils,  and  low  adhesion  of  solids  including  airborne  debris'J 

This  NRL  report  also  stated  that  the  wetting  characteH a+ ^ 
water,  methylene  iodide,  and  n-hexadecane  as  obtained  by  simple  contact 
angle  measurements  may  be  used  as  a  method  of  quality  control  of  TFE^^Lin 
coated  items.  For  example,  contact  angles  on  TFE-resln  fSsn  2m)  nno^^^ 

Kd^4r 

pviuere 
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liquids  were  put  on  the  TFE-resin  coated  panels  which  had  been  cleaned  with 
Thf  rinsed  with  distilled  water,  and  dried  at  220°F  for  2  hours, 

measured ^h!n  follows:  One  drop  was  applied  and 

of  “ethylMe  iodide,  extreme  care  was  taken  in 

0"  the  panel.  The  drops  were  distorted  or  fattened  if 
allowed  to  fall  on  the  panel. 

were  madrii°?r^ri?f  *?'  “"**'!  *"*  '^”ps  of  the  solutions 

™  “ith  M  optical  comparator  where  the  profile  of  the  drops  were 

theTon.*(’’”*r'  f  f"""  ‘  magnification.  The  profile  of 

the  drops  in  reduced  site  appeared  approxlmateljr  as  pictured  in  fipure  No.  1 


Contact  onglt 


Contact  onglo 


Contoct 


Wotor 


Mothylono  lodidt 


n-Htxodocont 


Figure  1  -  Profile  of  Sessile  Drops  Viewed  on  Protractor  Screen 

By  rotating  the  circular  disk,  graduated  in  half-degree  divisions,  the 
ws  deteraiwd!  TFE-resin  coated  pan2s 

By  correlating  the  contact  angles  of  the  three  liquids  to  frictional 
measurements,  the  minimum  acceptable  contact  angles  for  water,  methylene 

35°  «ip^tlJaV*^"“'  95°,  81°  L 
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RESULTS  AND  DISCUSSION 


of  acaMMtion.  Unaided  ejre  exaninatlon  ahovs  all 

defend  *>'  »<>”‘lnuoua  films,  free  from  aross 

The  oily  imieifeotlmf  »  craters,  sags,  winkles,  and^Usters. 

ifiig" 

TFE-resln  enamels  by  which  they  are  dis- 

the  various  JiLwi  starcilo^riimilw'tra  “igirioit 

on  the  respective  primers*  aa  tha  singl®  coat  of  the  gray  enamel 

appews  gr^  whlle'Ihe  C^^ar  FlIahThiw  ?b“l™h“  Z 
do  show  some  variations  in  tlnt^na  uVn£»«  «  'nf  j  f"  tint.  The  other  enamels 
the  color  or  hue  beoM«  more  ^  S  '*  ''“'lous  wlmers,  and 

The  enamel  hue  Is  distinct  and  the  enamel  thickness  M  increased, 

each  other,  except  iS^eV^F 

inv.XTi;ri\  ft“ihr*sSior:v? 

Although  color  matching  was  good  hero  ”it  "  ”°T  **’*  °™®  bottle. 

will  be  true  when  uslif  «ftS  meteH’.f  assumed  that  the  same 

using  coating  material  prepared  at  different  times. 

colo^  an^°in  the^ca^  of'the  white^en  to  add  gray  to  their 

system  was  the  only  indication  ^  non-iiiMtiiuity"^^^?®' 

by  none  of  the  other  quality  tests.  ^  ^  could  be  detected 

In  addition  to  the  above  attributes  the  tfp  v.«»o’ 
considered  lusterless,  even  after  buffing  with  clju!  ° 

At  magnifications  up  to  the  enpmoi 
of  small  globules  of  TFE-resln  which  have  fuseJ^t 

temperature,  the  globules  do  not  flatten  '  ^  *’6sin  at  the  sintering 

flliuSe^^^lV'’'  bir“  ::t^:  'wrrlsWe'’: 

The  red,  black  and  blue  Sis  and  the 

appearance.  No  nodules  are  evident  with  the^Uet^!  SVor':  Sh^ 
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srea^!!hoi?irt"e'’prZ^"^’  ‘he 

voids  are  filled  in  until  oniv  <  enamel  is  increased,  the 

condition  is  considered  a  continuoufflCwS\rplnholed'“^j‘ 

«eeT:  nt1ii=  JUolerinot  T"^  feolSd"  „r 

the  previous  “oatlSg  b^  proS  Sn^^^^^^^  o'-  '^ters  of 

pt-rL™^ 

Oio  visioxe  az  iOX  or  greater  magnification. 

seen  to  be^mudcrl^Sd  fTpinholefft^^OX  mSf *  is 

joined  by  the  mudcracka  anH  wi  '"fS^ii^cation.  The  pinholes  are 

the  only^topcor^Lt^aTf^^^^^  t^e"  dcr^:^^^^^^^^ 

(enamels  or  clear  finish)  all  muacracjced .  The  other  topcoats 

whioh  appear  to  exist  only  through  the’'"^oft”“aUngf 

have  a  crystalllie^appeMaMrwlU  primer  films  were  found  to 

areas  which  are  repetitive.  The  dark  separating  irregularly  shaped 

could  not  be  found ^with  the  oLioS  Enal? 

up  to  800X  magnification.  ^^®  ^®®"  Primer  (C) 

seem  to  be  made%  of \ery\Lfl*Dartlcr^^”°^  *+  magnification.  They 
medium.  With  the  aluminu^  anf ^eeffl)  ®  semi-transparent 

with  the  green  steel  (cnrimerlnd  tL  Particles  are  gray, 

The  grainy  appearance  was  also  noted  with  some^of  +h™^t  they  are  light  green. 

magnification;  hundreds  of  narticleq  ni«ir»  topcoats  when  observed 
TFE-resin  film.  The  red.  yellow  sL  up  a  single  nodule  of  the 

pigmented  the  same  color  as  threnamel^  t!I  ®"f?®^®  ^®^®  Particles  wh^.ch  are 
the  Clear  Finish  have  white  particles  with  enamels  and 

being  the  color  of  the  enamel  The  hin«^^  separating  them 

Finish  in  systems  A8,  A88,  and  as  a  toocoet'^  enamels  and  the  Clear 
few  particles.  The  appearance  ^  enamels  contain  very 

in  this  condition  is  transparent  and  ^^®  finish 

through  it.  ^'•ansparent  and  the  primer  and  enamel  can  be  seen 
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been“  l?lT^  bad  not 

r»iooT?“  ;o”t“  r 

T.  pnntto.3  n:t\^-rrj„j:4?:tan 
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summarized  in  table  3^^^For^earh  thickness  measurements  are 

l^^sed  film  tWck„e,s  of  Z  LL,  "“I™  ''*‘1“  1=  the 

Is  the  film  thickness  of  the  pa„ej"iuh  ?he 

value  is  the  numerical  averare  of  the  ^  “’'®v«Re 

All  the  values  are  in  mils  feooi  IJch)!  **  ^ 

havette“foSL‘frX*s"'"  ^““"8 


Coatinp  System 
Primer  coat 

Primer  coat  plus  one  coat  of  enamel 
Primer  coat  plus  two  coats  of  enamel 
Primer  coat  plus  three  coats  of  enamel 
Primer  coat  plus  four  coats  of  enamel 


Thickness 

(mils) 

0.2-0.3 

0.4-0. 6 

0.6-0. 9 

O.S-1.2 

1.0-1. 5 


c«^Ued“^» 

individual  coatlnrs'^lfuL^JbtMnld'^  film  thickness,  in  mils,  for  the 
thickness  values  o?  thr,vslf^^n^  ^  '“ttractlnp  the  averapi  film 

to  obtain  the  thickness  of  the  pray  enamel^n  stM^rJ^"*^' 

Steel  primer  thickness  was  subtracted  f^oi  thp  !  ^ 

total  film  thickness;  to  obtain  the  thickness  system 

enamel  on  steel  prtar,  the  ave^'  fl“  knes  f  ?he  .11'^ 
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Table  9  -  Thickness  of  Individual  Coatings  (in  rails) 


Enamel 


0.31 

0.43 

0.27 

0.38 

0.37 

0.52 

0.11 

0.54 


0.40 

0.41 

0.29 

0.52 

0.54 

0.42 

0.38 

0.86 


Coating  System  X  Enamel 


^  An  AXn  AXXXX  AX8* 


0.25 

0.31 

0.15 

0.26 

0.33 

0.30 

0.29 

0.53 


0.22 

0.22 

0.16 

0.41 

0.27 

0.25 

0.29 

0.59 


0.15 

0.03 

0.35 

0.30 

0.18 


0.27 

0.53 

0.34 

0.20 

0.26 


0.24#  0.33 
0.32#  0.38 
0.12#  0.43 


0.25 

0.36 

0.23 

0.23 

0.06 

0.42 

0.35 

0.36 


0.91 

0.67 

0.65 

0.51 

0.22 

0.26 

0.30 


Average 

Film 

Thickness 
per  coat 

~  0.26 
0.33 
0.26 
0.33 
0.29 
0.36 
0.30 
0.50 


#0.10  added  for  primer  thickness  for  A66,  A77,  and  A88. 


*Not  used  in  average  film  thickness  per  coat. 
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»tl»n.  rouKtaes.  detemln- 

rowrhnes8,.Value  Is  the 

Th!  °"  measured  In  each  coatinf-  system. 

sS^ra?rS,.iJ  fj'  roughness  was  obtained  by  subtracting  from  the  flUe 

roughness  of  the  uncoated  side  of  the 
pmela.  Two  hundrrt  and  seventy  seven  steel  panels  gave  a  value- of  59 

Iic^SSd^^tiI^^^1‘^^^?^  P™l8  mveraged  10  mlcrolnches. 

unih  *5  *  “  u'  thickness  of  the  films  on 

Which  the  surface  roughness  had  been  determined. 

the  thickness  increases,  tnere  is  a  general  tendency  for 

the  surface  rougtaess  to  increase.  This  is  seen  in  table  10,  rows  I  and 

in  surface  roughness  of  the  TFE-Resin  coating 

Data  roughness  is  shown  in  column  3.  ^ 

in  row  III  shows  TFE-Resin  surface  roughnesses  of  other  coating  systems. 

applied  to  the  unsandblasted  aluminum  panels  have 

bla^S  stS  ^8  topcoats  applied  to  the  sand- 

on  th!^?^  panels  (the  change  in  surface  roughness  is  much  greater 

aluminum  pwels),  indicating  that  for  equivalent  film  tMckness  the 
same  surface  roughness  will  result  regardless  of  the  surface  roughness  of 
the  substrate  There  are,  of  course,  limits  to  thi,:  prevL^investiga. 
tions2  have  shown  that  TFE-resin  films  applied  to  substLtes  with  luSaS 

swfKrwSen.*""  •  film  with  lower 

A  maximum  surface  roughness  of  90  micoinches  has  been  orevlouslv 
required  for  the  "T.flou"  Tre-resin  films  which  sre  to  Le  ^  Sricltloh 
To'en'^n  ^  ‘'’Pll'»ll“'-  or  the  costing  systems  with  less 

thlc^ess  prepared  for  this  Investigation,  some  exceeded  this 
the  majority  did  not.  During  the  preparation  of  the  films 
no  attempt  was  made  to  control  the  surface  roughness.  If  the  surface 
roughness  had  been  controlled,  the  maximum  limit  of  90  microinches  could 
have  been  met  For  films  of  greater  thickness  than  1.0  mil  thlVLXe 

sZnri'wlnr  ''*'t«t“>*  hy 

surface  rough"et.%t  d-I^oriJI^sr^he^Sj^Sua^^ 
pressure  Of  approximately  3000  psi  on  the  film  resulting  in  a  slight 
indentation,  the  width  of  the  stylus.  This  trace  line,  however  has  no 

t^run”!"’  corr;slon”:^(eS“hld 


Table  10  -  Surface  Roughness  of  TFE-Resln  Films 
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detached  none  orthe*cLtiL^fJste°"  Dtiroraeter  ploughed  or 

Indicating  that  aU  haJfadfonS  i"™dtlgatio^ 

invalid  for  e^tranairthlfcltogf  r 

surfaces  because  peaks  of  the  suhftrnfl  ^  sandblasted 

exposed  and  the  p?obe  riLs  on  tL^I  peak^ 

adhesion^^^It^wi/howeier^°noted^tft\^i  systems  have  adequate 

the  unsandblasted  aluminum 'panel  waslnferloft'^®?  f  ^^®  to 

sandblasted  steel  panels  si  mw  k  that  of  the  TFE-reslns  to 

panels  could  be  peeled  back  from  thfi^f^^^f®^®^*  aluminum 

deformed  during  t'he  bend  test!  TM  olmZltl  'U®  ®"®® 
to  the  sandblasted  steel  nanela-  w  I  Is  ?  ^  ^ilms  applied 

coated  with  steel  primer  ?A)  unsandblasted  steel  panels 

eonditlons  which  oaus^the^Ji  fteS  1„‘a1h.'J  ““  aur?acT 

Shore  Durometer  test,  no  variation  aI  the  results  of  the 

the  aandblactad  and  the  unaandblasted  e«b“p“efcoSdTe“ted?° 

the  effMtl  af3M^agMflcaUon“^OTodn’'T?a'*  ’'*^1®  obaervlng 

lie  This  test  does  not  indicate'the  tabulated  in  table 

systems  to  the  substrate  but  it  Anl  ^f^f®  ®‘^hesion  of  the  coating 
the  individual  coatings  io  ^cfotW  degree  of  adhesion  of 

^0  the  primer.  From  the  table  adhesion  of  the  top 

of  the  individual  enamels  to  each^other^i«T^+?®  ®f®”  ^^®  adhesion  ^ 

enamels  to  the  primers,  and  the  adhesion  of^tha®!  ^^®  ®‘^^®aion  of  the 
U;  appears  to  be  decrefl«i«H  +u  the  enamels  to  the  steel  nnimA- 

ae  raaulta  alao  Indtrttaf  It  a^dC:!':?  ll  co5r„'f’:X. 

ia  not  gnite  aa  gocd  aa  the  othar^:S°a"nd“  S.*" 

result1^an°ba''a«^w'*ar™ild'’\hey‘'ah™id  *'0* 

for  adheelon.  a''®«W  not  be  used  aa  a  general  teat 
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Table  11  -  Relative  Adhesion  of  the  Various 
TFE-Resin  Primers  and  Enamels 


Coatinp 
System 
A1 
A2 
A3 
U 
A5 
A6 
A7 
A8 

A18 
A28 
A38 
A48 
A58 
A68 
A78 


Result 
B 
A 
A 
A 
A 
A 
A 

XA 
XC 
0 
c 
c 
c 
c 


Coatinp 
System 
All 
A22 
A33 
A44 
A55 
A66 
A77 
A88 

"bT 

B2 
B3 
B4 
B5 
B6 
B7 
B8 


Result 
C 

c 
c 
c 

CO 

c 

CO 

cx 

AO 
A 
A 
AO 
A 
A 
A 
A 


Coatinp 
System 
Alll 
A222 
A333 
A444 
A555 
A666 
A777 
A888 

TT 

C2 
C3 
C4 
C5 
C6 
C7 
C8 


Result 
CO 
0 
CX 

c 
c 
c 
c 
c 

c 

A 
A 
B 
B 
B 
A 
B 


Coatinp 
System  Result 
Alin  0 
A2222  C 
A3333  COX 


A4444 
A5555 
A 6666 
A7777 
A8888 

D1 
D2 
D3 
D4 
D5 
d6 

D7 
D8 
DD 


C 

C 

C 

C 

C 


Key; 


A  -  Topcoat  and  primer  removed  topether  as  one  film. 

B  -  Topcoat  and  primer  removed  topether  but  some  primer 
remains, 

C  -  Topcoat (s)  removed  from  primer. 

X  -  Topcoat  removed  from  enamel  under  it, 

0  -  Not  definite. 
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Accelerated  Corrosion  Salt  Spray.  The  results  oC  +v,a  i  + 
test  are  tabulated  in  TahUs  lo  ^  u  salt  spray 

coating  system;  the  second  col^  thfnifber’^^f 

third  column,  the  average  t  number  of  the  panel  tested;  the 

column,  the  number  of  hours  exDosu^e^uhs  tested;  and  the  fourth 

followed  by  a  notation  of  thfw  yLitl'a^  "  T® 

meanings:  initial  corrosion  with  the  following 

G  -  General  spotting 

F  -  More  than  25  spots  of  corrosion 

^  corrosion  with  the  exact 

number  superscribed 

OK  -  No  corrosion  observed  during  test 

colum  rraU„?orirflnI!M*ii?“^ 

mg  01  the  final  condition  according  to  the  following  table  j 

0  -  No  corrosion 

1  -  1-5  spots  of  corrosion 

2  -  6-30  spots  of  corrosion 

3  -  31-100  spots  of  corrosion 

4  -  More  than  100  spots  of  corrosion 

5  -  General  spotting  but  not  over  the  entire  panel 

6  -  Complete  breakdown  of  film 
B  -  Blister (s) 

R  -  Runs  of  corrosion  products 

«agnlficatio?oL™Uon.'  ^  ‘"-i 

exposed  panels.  Th”‘e‘^';i‘“J™2a n"  ‘"e 

tanks  broke  down  at  this  time  and  the  test^  which^'sSuJd"^  salt-spray 
continuous,  had  to  be  discontinued.  '  ^  ^ 
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protectim  «1b«  provided  better 

^^810^X^24  h^s  O^ll^lrk^^nerellJ^hS’roMldmble 

oomei\‘Jte?^r“  ~  W* 

corrosion  after  32  hours  exposure,  and  none  had  runs  of  corrosion  products. 

the  m  »P  '■•>«  corrosion  protection  provided  br 

acco^nTti  tf  »>•  '•“ke'S  as  system 

(S?4  ?he  ani*nni.M°*''““?  19  I”*  P”“»ala 

prl™“1^  not  1"  I"!'  l^ll'  “llh  different 

pr^ers  are  not  compared,  only  those  with  the  same  primer.  Systems  with 

iaIusT  J^a:e"anrh:':^ll^”^“*,!9'“l  ThrJS^h^e^s 

IncreLes-  thft^hl  !?'”«'=.  the  salt-spray  protection  also 

=r“X.r“  S=  “  “=H“=  “ ‘•• 

sometimes  showed  no  corrosion  throughout  the  entire  exposu^^peJi^J! 

protection.  This  rating*wM®bLeron*^f  evLiation^Jf^'alft^  corrosion 
containing  each  enamel  including  the  multiple  coatine  The  hie 
provided  the  best  protection,  followed  bv  th!  ^?r  & 
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Table  12  -  Salt -Spray  Test  Results 
(Coatings  A1  to  Allll  and  AlS,  A2  to  A2222  and  A28) 


Coating 

System 

Panel 

Number' 

Total  Film  Hours  to 

Thickness  (Mils)  Initial  Corrosion 

Total  Hours 
Tested 

Final 

Condition 

A1 

1 

0.72 

24-G 

100 

6-R 

kl 

2 

0.48 

24-G 

100 

6-R 

A1 

*3 

0.52 

24-G 

100 

6-R 

All 

397 

0.94 

24-G 

100 

6-R 

All 

398 

0.84 

24-G 

100 

6-R 

All 

399 

0.66 

24-G 

100 

6-R 

Alll 

409 

0.95 

32-F 

144 

6-R 

Alll 

410 

1.16 

48-F 

144 

6-R 

Alll 

411 

0.92 

32-F 

144 

6-R 

Allll 

421 

1.16 

24-S 

144 

6-R 

Allll 

422 

1.30 

32-F 

144 

6-R 

Allll 

423 

1.09 

32-F 

144 

6-R 

A18 

313 

1.47 

200-S 

267 

1 

A18 

3U 

1.69 

32-S,. 

267 

4 

A18 

315 

1.76 

72-3° 

267 

3 

A2 

13 

0.71 

24-F 

267 

4-R 

A2 

U 

0.53 

24-F 

267 

3-R 

A2 

15 

0.82 

48-S9 

267 

2-R 

A22 

433 

0.61 

8-F 

267 

4-R* 

A22 

434 

0.84 

48-s4 

267 

2 

A22 

435 

0,64 

20-s20 

267 

3-R 

A222 

445 

1.22 

24-s2 

336 

1 

A222 

447 

1.28 

OK 

336 

O 

A222 

448 

1.52 

24-S 

336 

1 

A2222 

457 

1.46 

8-s5 

336 

2-B 

A2222 

458 

1.63 

24-s21 

336 

3-RB 

A2222 

459 

1.63 

32-s12 

336 

2-RB 

A28 

325 

1.52 

Ok 

267 

0-B 

A28 

326 

0.98 

32-S5 

267 

2-R 

A28 

327 

1,76 

267-S5 

267 

0 

•Mostly  annealed  or  sandpapered  area 
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Table  13  -  Salt-Spray  Test  Results 
(Coatings  A3  to  A3333  and  A38,-  A4  to  A4444  and  A48) 


Coating 

Panel 

Total  Film 

Hours  to 

Total  Hours  Final 

System 

Number 

Thickness (Mils) 

Initial  Corrosion 

Tested  Condition 

A3 

25 

0.59 

8-F 

100 

6-R 

A3 

26 

0.60 

24-F 

100 

6-R 

A3 

27 

0.50 

24 -G 

100 

6-R 

A33 

469 

0.84 

8-S? 

100 

4-R 

A33 

470 

0.94 

48-s2 

100 

4-R 

A33 

471 

0.86 

24-s5 

100 

4-R- 

A333 

481 

1.31 

144-s2 

336 

5-R 

A333 

482 

1.11 

48-S 

336 

5-R 

A333 

483 

1.11 

144-S 

336 

5-R 

A3333 

493 

1.62 

144-F 

336 

5-R 

A3333 

494 

1.44 

144-S^ 

336 

4-R 

A3333 

495 

1.44 

144-S 

336 

2-R 

A38 

337 

1.17 

48-F 

264 

6-R) 

A38 

338 

1.11 

32-S 

264 

6-R)  Very 

A38 

339 

1.38 

48-F 

264 

4-R)  Light 

A4 

37 

0.66 

24-SlO 

267 

2-R 

A4 

38 

0.61 

24-S^ 

267 

2-R 

A4 

39 

0.71 

48-F 

267 

2-R 

m 

505 

1.10 

72-S^ 

267 

1-R 

A44 

506 

0.98 

48-S‘^ 

267 

2-R 

A44 

507 

0.90 

100-S3 

267 

1 

A444 

517 

0.98 

24-S 

336 

2-R 

A444 

518 

1.15 

336-S 

336 

1 

A444 

519 

1.11 

OK  , 

336 

0 

A4444 

529 

1.24 

8-5^ 

336 

2-R 

A4444 

530 

1.23 

OK 

336 

0 

A4444 

531 

1.41 

OK  , 

336 

0 

A48 

349 

1.17 

24-s3 

264 

1 

A48 

350 

1.35 

OK 

264 

0 

A48 

351 

1.31 

OK 

264 

0 
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Table  14  -  Salt  Spray  Test  Results 
(Coatinps  A5  to  A5555  and  A58  -  A6  to  A6666  and  A68) 


Coat in p 
System 

Panel 

Number 

Total  Film 
Thickness 
(mils) 

Hours  to 

Initial  Corrosion 

Total  Hours 
Tested 

Final 

Condition 

A5 

49 

0.59 

8-F 

100 

5-R 

A5 

50 

0.57 

24-F, 

100 

4-R 

A5 

51 

0.58 

24-S° 

100 

4 

A55 

541 

0.80 

8-S^ 

267 

3-R 

A55 

542 

0.82 

24-3° 

267 

4-R 

A55 

543 

0.80 

24-3° 

267 

3-n 

A555 

553 

1.00 

24-3^ 

336 

1-B 

A555 

554 

1.11 

247-s2 

336 

2-B 

A555 

555 

1.06 

24V 

336 

2-B 

A5555 

565 

1.24 

192-3 

336 

2-B 

A5555 

566 

0.99 

72-S 

336 

2-B 

A5555 

567 

0.99 

144-3^ 

336 

1-B 

A58 

361 

0.79 

3-3^ 

264 

4-R 

A58 

362 

0.86 

48-3^ 

264 

2-R 

A58 

363 

0.82 

24-S^ 

264 

2-R 

A6 

61 

0.38 

32_sl0 

267 

3 

A6 

62 

0.79 

24-S^° 

267 

4-R 

A6 

63 

0.65 

24-315 

267 

4-R 

A66 

577 

0.90 

8-3 

267 

2-RB 

A66 

578 

0.94 

32-s2 

267 

1-B 

A66 

579 

0.65 

24-32 

267 

3-RB 

a666 

589 

1.24 

48-3 

336 

1 

\666 

590 

1.27 

144-3 

336 

1-B 

A666 

591 

1.13 

336-3 

336 

1-B 

A6666 

601 

1.82 

8-3 

336 

1-R  Scratches 

A6666 

602 

1.82 

OK 

336 

0 

A6666 

603 

1.55 

OK 

336 

0 

A68 

373 

0.94 

32-32 

264 

2-R 

A68 

374 

0.88 

24-F^ 

264 

3-R 

A68 

375 

1.08 

24-3® 

264 

1-R 

Table  15  -  Salt  Spray  Test  Results 
(Coatinps  A7  to  A7777  and  A78  -  AS  to  A888) 


NAVVEPS  REPORl 


Coatinp  Panel 
System  Number 


A7 

73 

A7 

74 

A7 

75 

KTJ 

613 

kV 

614 

A77 

615 

km 

625 

km 

626 

km 

627 

kim 

643 

A7777 

644 

A7777 

645 

A78 

385 

A78 

386 

k7B 

387 

Total  Film Hours  to  Total  Hours  Final 

Thickness  Initial  Corrosion  Tested  Corrosion 
(mils) 


0.38 

0.37 

0.37 

0.65 

0.60 

0.57 

0.93 

0.93 

0.91 

1.22 

1.23 

1.40 

0.60 

0.61 

0.62 


8-G 

100 

5* 

8-G 

100 

4 

8“G 

100 

4 

8-F 

267 

4-RB 

8-F 

267 

4-RB 

24-F 

267 

4-RB 

8^4 

336 

2-RB 

24-S° 

336 

2-RB 

24-5^ 

336 

2-RB 

8-S 

336 

2-RB 

24-s5 

336 

2-R 

144-S 

336 

1 

24-F 

264 

4-R 

24-SI2 

264 

3-R 

24-56 

264 

3-R 

A8  85  0.79 
A8  86  0.68 
A8  87  0.80 
A88  649  0.84 
A88  650  0.84 
A88  651  0.79 
A888  661  1,31 
A888  662  I.I9 
A888  663  1,30 
A8888  673  1,62 
A8888  674  I.46 
A8888  675  1,77 


^Mostly  annealed  or  sandpapered  area 


8-F 

100 

4 

8-F 

100 

5 

24-F 

100 

4 

8-F 

267 

3-RB* 

100-S3 

267 

2-B 

24-F 

267 

4-RB 

144-S 

336 

1* 

24-S 

336 

1» 

OK 

336 

0 

OK 

336 

0 

OK 

336 

0 

OK 

336 

0 

30 
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(Coatings  B1  to  B8) 


Table  17  -  Salt  Spray  Test  Results 
(Coatings  Cl  to  C8) 


Coatingl  Panel  LTotal  Film  &3  to - 

Number  Thickness  (mils)!  Initial  Cnrm.ginn 


Total  Hours 


Final 

Condition 


Cl  97  0.38 

Cl  98  0,32 

Cl  99  0.38 

C2  109  0.36 

C2  no  0.41 

C2  111  0.45 

C3  121  0.30 

C3  122  0.25 

C3  123  0.19 

C4  '  133  0,44 

C4  134  0.35 

C4  135  0.32 


3-S 

8— G 

8«G 

3-S2 

3-F 

8-F 

3-G 

3-G 

3-G 

8-F 

3-F 

3-F 


48 

48 

48 

100 

100 

100 

32 

32 

32 

97 

32 

32 


6-R 
6— R 
6-A 
5-R 

4- R 
3-R 

5- R 

6- R 
6-R 
6-R 
6 

6 
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Coating 

System 

Panel 

Number 

Total  Film 
Thickness  (mils) 

Hours  to 

Initial  Corrosion 

Total  Hours 
Tested 

Final 

Condition 

C5 

145 

0.46 

8-F 

48 

5. 

C5 

146 

0.42 

3-F 

48 

6-R 

C5 

147 

0.53 

8-F 

48 

5 

C6 

157 

0.41 

3-S 

227 

5-R 

C6 

US'  ' 

0.40 

227 

5-R 

C6 

159 

0.46 

24-S^° 

227 

3-R 

C7 

169 

0.49 

3-F 

48 

4 

C7 

170 

0.36 

8-F 

48 

5 

C7 

171 

0.38 

8-F 

48 

4 

C8 

181 

0.52 

8-F 

227 

6-R 

C8 

182 

0.72 

8-S12 

227 

4‘“R 

C8 

183 

0.71 

3-s3 

227 

4-R 

Table  18  -  Salt  Spray  Test  Results 

(Coatings  D1  to  D8  -  D  and  DD) 


Coating 

System 

Panel 

Number 

Total  Film 
Thickness  (mils) 

Hours  to 

Initial  Corrosion 

Total  Hours 
Tested 

Final 

Condition 

D1 

193 

0.42 

3-F 

32 

6-R 

D1 

194 

0.33 

8-G 

32 

6-R 

D1 

195 

0.38 

8-G 

32 

6-R 

D2 

205 

0.38 

3-F 

97 

4-R» 

D2 

206 

0.38 

a4-F 

97 

4-R 

D2 

207 

0.40 

24-F 

97 

4-R 

D3 

217 

0.30 

8-G 

32 

6-R 

D3 

218 

0.32 

3-F 

32 

6-R 

D3 

219 

0.30 

8-F 

32 

5 

D4 

229 

0.51 

8-F 

336 

4-R» 

D4 

230 

0.60 

24-S® 

336 

2-R 

D4 

231 

0.54 

8-F 

336 

4— R 

D5 

241 

0.52 

8-F 

48 

4 

D5 

242 

0.45 

8-F 

48 

4 

D5 

243 

0.46 

8-F 

48 

5 

D6 

253 

0.49 

8-s15 

227 

4-R 

D6 

254 

o.u 

8-F 

227 

5-R 

D6 

255 

0.44 

8-F 

227 

5-R 

D7 

265 

0.52 

8-s20 

227 

4-R 

D7 

266 

0.47 

8-F 

227 

5-R 

D7 

267 

0.42 

8-F 

227 

5-R 

D8 

277 

0.98- 

8-S 

336 

2-B 

D8 

278 

0.82 

8-S 

336 

3-RB 

D8 

279 

0.69 

8-S^ 

336 

4-RB 

LB 

4 

5 

DD 

D 

m 

:|i 

8-F 

B 

l25 

2I 

4 

^  Mostly  annealed  or  sandpapered  area 
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Table  19  -  Rating  of  Enamels  with  Same  Primer* 


Rank* ** 

Coating 

System 

Film 

Thickness 

(mils)' 

Rank** 

Coating 

System 

Film 

Thickness 

(mils) 

1 

A4 

0.66 

1 

C6. 

0.42 

2 

A2 

0.69 

1 

C8 

0.65 

3 

A6 

0.77 

2 

C2 

0.41 

4 

A5 

0.58 

3 

C7 

0.41 

4 

A7 

0.37 

4 

C5 

0.47 

4 

A8 

0.76 

5 

Cl 

0.36 

5 

A1 

0.57 

5 

C4 

0.37 

5 

A3 

0.56 

6 

C3 

0.25 

1 

B8 

1.21 

1 

D4 

0.55 

2 

B2 

0.64 

1 

D8 

0.83 

3 

B6 

0.77 

2 

D6 

0.46 

4 

B4 

0.80 

2 

D7 

0.47 

4 

B5 

0.83 

3 

D2 

0.39 

5 

B7 

0.67 

4 

D5 

0.48 

6 

‘  B1 

0.7i 

5 

D3 

0.31 

6 

B3 

0.58 

6 

D1 

0.38 

*  Do  not  compare  systems  with  different  primers. 

**  Systems  with  the  lowest  rank  numbers  provide  the  best 

protection,  systems  with  same  rank  provide  equal  protection. 
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Table  21  -  Rating  of  Enamels 


Rank 

Enamel 

Average  Film 
Thickness* 
(mils) 

1 

Black 

0.89 

2 

Clear 

0.99 

3 

White 

0.93 

4 

Blue 

0.75 

4 

Yellow 

0.91 

4 

Green 

0.67 

5 

Red 

0.84 

6 

Gray 

0.85 

»  Average  film  thickness  of  all  the 
systems  containing  the  respective 
enamels  except  those  with  aluminum 
primer. 

**  Systems  with  lowest  rank  number  provide 
the  best  protection,  systems  with  same 
rank  provide  equal  protection. 
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Accelerated  Corrosion  High  Humidity,  The  results  of  the  humidity 
tests  are  tabulated  in  tables  22  through  28 ,  which  are  similar  to  tables 
7  through  18  in  which  the  salt-spray  test  results  are  given.  The  coating 
systems  on  these  panels  were  also  evaluated  using  the  same  rating  systems 
and  methods  of  observation. 

The  corrosion  resulting  from  high  humidity  exposure  was  much  less 
severe  than  that  from  salt  fog  exposure,  which  is  a  more  corrosive 
environment,.  While  the  final  condition  rating  may  Indicate  the  same 
degree  of  corrosion,  the  humidity  test  panels  had  much  smaller  spots  of 
corrosion,  although  the  same  number  of  spots.  Note  in  tables  22  through  28 
that  none  of  the  panels  had  runs  of  corrosion  products.  Only  three  coating 
systems  were  removed  before  the  full  336  hour  exposure  period  due  to 
excessive  corrosion,  and  these  three  systems  had  relatively  thin  films. 

The  corrosion  usually  appeared  early  #  -r  #  during  the  first  48  hours  #~ 
but  did  not  increase  extensively  after  its  initial  appearance.  In  some 
cases,  what  had  been  noted  as  corrosion  spots  during  the  exposure  period, 
could  not  be  located  at  the  final  condition  evaluation,  even  with 
microscopic  examination.  These  disappearing  spots  may  have  been  extremely 
small  areas  of  corrosion  which  later  sealed  themselves,  corrosion  from  the 
edges  which  later  washed  away,  or  foreign  matter  which  gave  the  appearance 
of  corrosion.  In  any  case,  the  final  condition  evaluation  must  be  accepted 
as  valid. 

No  blisters  were  found  between  the  TFE-resin  layers  indicating 
that  each  of  the  enamels  have  good  adhesion  to  each  of  the  primers,  that 
each’  enamel  ha-fl  good  adhesion  to  itself,  and  that  the  Clear  Finish  has 
good  adhesion  to  each  of  the  enamels. 

For  a  better  picture  of  the  resistance  to  high-humidity  exposure 
the  systems  were  rated  from  best  to  worst.  In  table  29  the  enamels  on  , 
the  same  primers  are  ranked;  enamels  on  different  primers  should  not  be 
compared.  Enamels  with  the  same  rank  number  on  the  same  primer  provide 
effectively  equal  protection.  The  thickness  value  is  the  average  film 
thickness  for  the  three  panels  of  each  coating  system  which  were  humidity 
tested.  From  this  table  it  can  be  seen  that  the  black,  white,  and  yellow 
enamels  provide  the  best  protection;  the  gray,  red,  and  blue  enamels 
provide  the  least  protection;  and  the  green  enamel  and  Clear  Finish  provide 
protection  somewhere  in  between. 

In  table  30  the  systems  containing  the  same  enamel  are  ranked  as  to 
the  corrosion  protection  they  provide.  Systems  containing  different  enamels 
should  not  be  compared.  Here  it  can  be  seen  that  increasing  the  film 
thickness  does  not  necessarily  provide  more  corrosion  resistance  in  a  high 
humidity  environment.  It  points  out  the  advantage  of  subjecting  the  panels 
with  three  and  four  coats  of  the  enamels  to  this  test.  Also,  no  consistent 
difference  can  be  seen  in  the  protection  provided  by  primers  A,  C,  and  D. 

The  systems  containing  the  aluminum  primer  were  not  included  in  this  table 
since  the  aluminum  substrate  corrodes  so  differently  from  the  steel  that 
no  direct  comparison  should  be  made. 


36 


NaVWEPS  RKPQRT  6969 

Table  31  ranks  the  enamels  based  on  all  the  coating  systems  subjected 
to  the  humidity  test.  The  thickness  value  is  the  average  of  all  the  systems 
containing  the  respective  enamels  except  those  on  the  aluminum  panels. 

As  with  the  salt-spray  test  results,  the  black  enamel  is  again 
rated  best,  the  white  enamel  third  best,  and  the  gray  enamel  the  poorest. 

The  only  significant  changes  in  the  rankings  is  that  the  Clear  Finish  now 
is  equal  to  the  gray  enamel  and  that  the  yellow  enamel  is  next  to  the  black. 

Additional  microscopic  examination  revealed  that  very  light 
corrosion,  in  the  form  of  stains  or  slightly  raised  small  areas,  existed 
beneath  the  coatings  which  had  shown  very  little  corrosion.  The  panels 
with  extensive  visible  corrosion  did  not  have  this  corrosion  beneath  the 
film,  nor  did  any  of  the  panels  subjected  to  the  salt-spray  test.  The 
corrosion  spotting  appeared  to  be  general  over  the  entire  panel,  although 
in  some  instances,  raised  spots  of  corrosion  were  found  beneath  the  larger 
nodules  of  TFE-resin,  Since  the  TFE-resin  fiLns  had  to  be  removed  in  order 
to  see  this  corrosion,  it  was  not  considered  in  the  final  condition 
evaluation.  The  detrimental  effects  of  this  type  of  corrosion  are  not 
known.  Although  decreased  adhesion  may  result,  it  was  not  indicated  by 
the  Shore  Durometer  or  the  Bend  tests.  It  is  thought  that  the  dry  lubrica¬ 
ting  and  wearing  properties  will  be  adversely  affected. 

For  the  three-and  four-coat  systems  which  were  not  included  in 
tables  30  or  31,  more  important  than  rating  the  enamels  is  what  happened 
below  the  coating  or  on  the  substrate.  During  the  humidity  testing  of  the 
three-and  four-coat  enamel  systems  very  little,  if  any,  corrosion  or  heavy 
rust  spots  were  seen;  but  in  the  final  examination  of  the  substrate  for 
the  systems,  heavy  corrosion  which  had  not  penetrated  the  enamel  coating 
was  found.  In  some  cases,  mounds  of  corrosion  products  were  found  below 
the  coating.  Where  the  mounds  were  large,  pitting  of  the  substrate 
occurred.  To  rate  the  enamels  according  to  substrate  protection,  they 
are  the  yellow  and  black  enamels  which  showed  little  or  no  rust  stain  on 
the  substrate.  The  blue,  gray,  green,  and  red  enamels  showed  rust  spots, 
mounds,  or  the  beginning  of  a  formation  of  corrosion  products.  The  white 
enamel  and  Clear  Finish  gave  the  poorest  protection  to  the  substrate. 

Numerous  mounds  of  corrosion  products  formed  on  the  substrate. 

4  Wettability.  In  all  cases,  the  contract  angles  for  water,  methylene 

iodide,  and  n-hexadecane  on  the  various  TFE-resin  primers,  enamels,  and 
Clear  Finish  exceeded  the  minimum  acceptable  contact  angles.  Table  32 
lists  these  contact  angles.  For  any  particular  determination  of  the 
contact  angle,  that  value,  if  not  a  reasonably  accurate  measurement,  is 
lower  than  the  real  value  for  the  contact  angle  given  in  table  32. 

No  conclusions  could  be  made  concerning  the  effects  of  surface 
roughness  in  the  determination  of  these  contact  angles  or  the  effects  of 
the  various  Inorganic  pigments. 

However,  wettability  measurements  do  show  that  after  sintering  the 
various  TFE-resin  with  their  various  additives,  the  outer  surface  of  the 
sintered  coating  is  predominately  a  TFE-resin  surface. 
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Table  23  -  Htiraldity  Test  Results  (Coatings  A3  to  A3333 
and  A38  -  AA  to  kUU  and  US) 


Coating 

Panel 

Total  Film 

Hours  to 

Total  Hours 

Final 

System 

Number 

Thickness  (mils) 

Initial  Corrosion 

Tested 

Condition 

A3 

28 

0.50 

24 -G  • 

336 

5 

A3 

29 

0.42 

2/-G 

336 

4 

A3 

30 

0.53 

24 -F 

336 

4 

A33 

172 

0.89 

72-F 

336 

2 

A33 

473 

0.89 

48-F 

336 

2 

A33 

474 

0.86 

24-S^ 

336 

1 

A333 

484 

1.11 

96-s2 

336 

1 

A333 

485 

1.20 

96-S^ 

336 

1 

A333 

486 

1.22 

48-S, 

336 

2 

A3333 

496 

1.51 

192-si 

336 

1 

A3333 

497 

1.41 

OK 

336 

0 

A3333 

498 

1.13 

72 -s5 

336 

1 

A38 

340 

1.08 

OK? 

336 

1 

A38 

341 

1.31 

/8-S^ 

336 

1 

A38 

342 

1.17 

24 -S 

336 

1 

U 

40 

0.57 

48-S 

336 

0 

U 

41 

0.69 

OK 

336 

0 

U 

42 

0.66 

48-s5 

336 

1 

A4/, 

508 

0.98 

48-s5 

336 

0 

kLL 

509 

0.96 

3“S2 

336 

0 

kU 

510 

0.91 

265-s3 

336 

0 

kUL 

520 

0.98 

32-si 

336 

0 

kW, 

521 

1.16 

OK 

336 

0 

kill 

522 

1.30 

OK 

336 

0 

Mill 

532 

1.46 

OK 

336 

0 

Mill 

533 

1.44 

OK 

336 

0 

kllll 

534 

1.44 

OK 

336 

0 

A48 

352 

1.11 

24 -F 

336 

1 

kl^ 

353 

1.11 

OK 

336 

0 

A48 

354 

0.99 

OK 

336 

0 
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Table  24  -  Humidity  Test  Results  (Coatinps  A5  to  A5555 
and  A58  -  A6  to  A6666  and  A68) 


Coating 

Panel 

Total  Film 

Hours  to 

Total  -Hours 

Final 

System 

Number 

Thickness (mils) 

Initial  Corrosion 

Tested 

Condition 

A5 

52 

0.52 

24-G 

336 

5)  Very 

A5 

53 

0.64 

72-s5 

336 

•5)Very 

A5 

54 

0.66 

24-G 

336 

5) Light 

A55 

544 

0.80 

48-S 

336 

A55 

545 

0.72 

48-S 

336 

A55 

546 

0.74 

/8-F 

336 

Light 

A555 

556 

0.98 

OK 

336 

0 

A555 

557 

1.31 

336 

0 

A555 

558 

1..03 

32-sJ 

336 

1 

A5555 

566 

1.20 

72-s2 

336 

1 

A5555 

569 

1.11 

192-si 

336 

1 

A5555 

570 

1.12 

OK 

336 

1 

A58 

364 

0.82- 

8-S 

336 

A58 

365 

0.94 

98-S 

336 

A58 

366 

0.81 

72-F 

336 

Light 

A6 

64 

0.49 

100-S 

336 

1 

A6 

65 

0.84 

24-S, 

336 

1 

A6 

66 

0.96 

32-3^ 

336 

0 

A66 

580 

0.79 

336 

1 

A66 

581 

0.80 

OK 

336 

0 

A66 

582 

0.87 

243-S 

336 

1 

A666 

592 

1.13 

OK 

336 

0 

A666 

593 

1.27 

OK 

336 

0 

A666 

594 

1,13 

OK 

336 

0 

a6666 

604 

1.62 

OK 

336 

0 

A6666 

605 

1.69 

OK 

336 

0 

A6666 

606 

1.63 

OK 

336 

0 

A68 

376 

1.08 

OK? 

336 

1 

A68 

377 

1.11 

OK? 

336 

1 

A68 

378 

0.86 

OK? 

336 

2 
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Table  25  -  Humidity  Test  Results  (Coatinps  A7  to  A777 
and  A78  -  A8  to  AR888) 


Coating 

Panel 

Total  Film 

Hours  to 

Total  Hours 

Final 

System 

Number 

Thickness (mils) 

Initial  Corrosion 

Tested 

Condition 

A7 

76 

0.28 

3-S^ 

336 

4 

A7 

77 

0.36 

3-F 

336 

3 

t7 

78 

0.41 

3-S^ 

336 

2 

A77 

6l6 

0.58 

24 -S  5 

336 

1 

A77 

617 

0.60 

32-S 

336 

1 

A77 

618 

0.56 

24-S 

336 

1 

A777 

628 

1.13 

72-S 

336 

1 

A777 

629 

0.94 

OK 

336 

0 

kill 

630 

1.00 

OK 

336 

0 

k7117 

640 

1.31 

OK 

336 

0 

kinn 

641 

1.18 

OK 

336 

1 

A7777 

642 

1.41 

OK 

336 

0 

klS 

388 

0.69 

OK 

336 

1 

k7B 

389 

0.69 

97-S 

336 

2 

A78 

390 

0.66 

265 -S^ 

336 

2 

A8 

88 

0.66 

8-F 

336 

3 

A8 

89 

0.68 

3-s2 

336 

3 

A8 

90 

0.86 

32-F, 

336 

2 

A88 

652 

0.79 

24-S^ 

336 

2 

A88 

653 

0.84 

8-F 

336 

4 

A88 

654 

0.77 

24 -F 

336 

5 

A888 

664 

1.20 

32-S 

336 

5 

A888 

665 

1.27 

48-S 

336 

5 

A888 

666 

1.30 

OK 

336 

5 

A8888 

676 

1.57 

72-S 

336 

5 

A8888 

677 

1.66 

32-G 

336 

5 

A8888 

678 

1.56 

48-S 

336 

5 
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Table  26  -  Humidity  Test  Results 
(Coatinps  B1  to  BB) 


Coating 

System 

Panel 

Number 

Total  Film 
Thickness  (mils) 

Hours  to 

Initial  Corrosion 

Total  Hours 
Tested 

Final 

Condition 

B1 

349 

0,66 

OK 

336 

0 

B1 

850 

0.75 

OK 

336 

0 

B1 

851 

0.58 

OK 

336 

0 

B2 

361 

0.77 

OK 

336 

0 

B2 

862 

0.71 

OK 

336 

0 

B2 

863 

0.78 

OK 

336 

0 

B3 

873 

0.63 

'  48-F 

336 

0 

B3 

874 

0.62 

48-S'' 

336 

0 

B3 

875 

0.68 

OK 

336 

0 

B4 

885 

0.76 

48-S^- 

336 

1 

B4 

886 

0.91 

48-S}JJ 

336 

2 

B/ 

887 

0.88 

48-S^° 

336 

2 

B5 

897 

0.88 

336-S 

336 

0 

B5 

898 

0.92 

72-S 

336 

0 

B5 

899 

0.84 

24 -S^ 

336 

1 

B6 

909 

0.70 

OK 

336 

0 

B6 

910 

0.62 

OK 

336 

0 

B6 

911 

0.68 

OK 

336 

0 

B7 

921 

0.63 

OK 

336 

OB 

B7 

922 

0.75 

OK 

336 

OB 

B7 

923 

0.84 

OK 

336 

OB 

B8 

933 

1.27 

OK 

336 

0 

B8 

934 

1.10 

OK 

336 

0 

B8 

935 

1.18 

OK 

336 

0 

o  a  a  a 
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Table  28  -  Humidity  Test  Results 
(Coatinps  D1  to  D8-D  and  DD) 


Coating  Panel 
System  Number 


Total  Film  Hours  to 

Thickness  (mils)  Initial  Corrosion 


Total  Hours  Final 
Tested  CoiTditlOB 


D1 
D1 
D1 
D2 
D2 
D2 
D3 
D3 
D3 
dl 
D4 
D4 
D5 
D5 
D5 
D6 
D6 
D6 
D7 
D7 
D7 
D8 
D8 
D8 
DD 
DD 
D 


196 

197 

198 
208 

209 

210 
220 
221 
222 

232 

233 

231 

2LL 

2Z5 

246 

256 

257 

258 
268 

269 

270 
280 
281 
282 

292 

293 
29/ 

304 

305 

306 


0.42 
0.46 
0.36 
0.40 
0.42 
0.35 

0.29 

0.33 

0.41 

0.60 
0.62 
0.58 
0.36 
0.41 
0.34 
0.34 
0.44 
0.36 
0.48 
0.49 
0.47 
0.82 
0.66 
0.72 
0.36 
0.38 
0.35 
0.17 
0.18 
0.15 


3-F 

8-F 

3-F 

8-F^ 

8-8^ 

24-F 

3-G 

3-G 

3-G 

32-S 

24-8^0 

32-F 

3-F 

3-F 

3-F 

24-82 

48-86 

24-8® 

24-8^0 

24-8^ 
24-S 
24-8 
32-8 
32-81 
32-s2 
32-81 
24-812 
24-8^ 

24 -815 


97 

97 

97 

336 

336 

336 

32 

32 

32 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 


5 

6 
6 
3 
3 
3 
6 
5 
5 
1 
1 
1 
5) 

5)E.lght 

5) 

2 
2 
2 
3 
2 
2 
1 
1 
1 
1 
1 
1 
2 
2 
2 
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Tablf  29  -  Rating  of  Enanala  with  Same  Priaer* 

Coating  Film  Ceating  Film 

ank  Syaten  Thicknass  Rank**  System  Thicknesa 

f  1 M  1  j  . 


1 

2 

3 

4 

5 

6 

7 

8 
1 
1 
1 
1 
1 
2 

3 

4 


A4 

A6 

A2 

A1 

A8 

A7 

A3 

A5 

B1 

B2 

B3 

B6 

B8 

B7 

B5 

B4 


0.64 

0.76 

0.66 

0.54 

0.73 

0.35 

0.48 

0.61 

0.66 

0.75 

0.64 

0.67 

1.18 

0.75 

0.88 

0.85 


1 

2 

3 

4 

5 

6 

7 

8 
1 
1 
2 
2 

3 

4 

5 

6 


C2 

C6 

C8 

C4 

C7 

C5 

Cl 

C3 

D8 

D4 

D6 

D7 

D2 

D5 

D3 

D1 


0.40 

0.42 

0.75 

0.41 

0.39 

0.43 

0.38 

0.23 

0.73 

0.60 

0.38 

0.48 

0.39 

0.37 

0.34 

0.41 


*  Systems  with  different  primer  should  not  be  compared. 
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Table  31  -  Rating  of  Enamels 


Rank** 

Enamel 

Average  Film 
Thickness 
(mils) 

1 

Black 

0.73 

2 

Yellow 

0.68 

3 

White 

0.70 

4 

Green 

0.50 

5 

.  Red 

0.62 

6 

Blue 

0.60 

6 

Gray 

0.78 

6 

Clear 

0.76 

*  Enamels  of  the  three  and  four  coat  systems 
are  not  Included. 

**  Enamels  ranked  lowest  (lowest  number) 
p-ovide  the  best  proteotion,  enamels 
with  the  same  rank  number  provide  equal 
protection, 

***  Average  film  thickness  of  all  the  coating 
systems  containing  the  respective  enamel 
except  from  those  with  aluminum  primer. 
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Table  32  -  Wettability  Measurements  on  TFE-resin  Coated  Panels 


Coating  Panel  Coating  Surface 
System  No.  Thickness  Roughness*  Water 


Contact  of  Angles 
(in  degrees) 
Methylene  n-Hexadecane 
Iodide 


A1 
A1 
All 
All 
Alll 
Alll 
Aim 
Aim 


A2 
A2 
A22 
A22 
A222 
A222 
A2222 
A2222 


7 

B 

403 

404 

415 

416 

427 

428 


18 
20 

439 

440 

452 

453 

463 

464 


0.59 

79 

0.53 

71 

0.73 

70 

0.72 

80 

0.92 

75 

0.92 

76 

1.37 

95 

1.37 

86 

0.78 

68 

0.59 

85 

0.84 

73 

0.71 

64 

1.28 

71 

1.27 

72 

1.52 

78 

1.57 

55 

113 

107 
113 
116 
111 
113 
128 

108 


134 

122 

112 

11^ 

125 

116 

129 

109 


89 

89 

85 

88 

85 

88 

91 

89 


91 

92 
88 
86 
91 
91 
96 
88 


U 

40 

42 

45 

45 

45 

50 

40 


51 

41 

39 

41 

45 

47 

50 

43 


A3 

A3 

A33 

A33 

A333 

A333 

A3333 

A3333 


A4 

A4 

A44 

A44 

A444 

A444 

A4444 

A4444 


31 

0.53 

61 

111 

33 

0.61 

90 

115 

475 

0.99 

96 

110 

476 

0.89 

89 

107 

487 

1.30 

98 

116 

488 

1.32 

90 

114 

499 

1.56 

120 

106 

500 

1.46 

132 

108 

43 

44 

511 

512 

523 

524 

535 

536 


0.61 

0.66 

1.00 

0.96 

1.22 

1.12 

1.35 

1.28 


64 

58 

78 

75 

91 

102 

105 

109 


121 

113 

124 

112 

124 

125 

125 

115 


91 

90 

86 

84 

84 

84 

84 

85 


82 

88 

85 

82 

85 

84 

89 

87 


37 

49 

40 

47 

46 

47 
42 

45 


56 

47 

49 

51 

49 

51 
58 

52 


•Average  Mlcrolnches  where  contact  angle  wee  meaeured 


Table  32  -  Wettability  Measurements  on  TFE-resin  Coat^/lpa^el?^^' 

(Continued) 


Coatini 

Sjatea 

H 

Ooatlni^ 

Thlolcness 

-—lalkL 

1^9 

Cantaflt  of  Au^Ibb  (in  dSRries} 

IflH 

Iodide 

*5 

k5 

(15S 

A55 

4555 

4555 

45555 

A5555 

55 

56 

547 

548 

559  < 

560 

571 

572 

0*61 

0.65 

0*86 

0*16 

1*07 

1*00 

1*26 

1,01 

52 

j6B 

68 

62 

33 

30 

31 

34 

133 

121 

119 

109 

122 

la 

U9 

113 

88 

39 

05 

36 

95 

87 

92 

85 

il  In-AOUQ  ijf 

54 

52 

45 

49 

53 

51 

1  59 

1  49 

u 

4b£ 

4b6£^ 

4b66 

Ab66b 

4ti666 

67 

t9 

534 

585 

595 

596 

607 

608 

1.31 

0*80 

1.17 

1*03 

1.22 

1*39 

1*66 

1.63 

170 

118 

75 

70 

73 

61 

130 

85 

151 

140 

109 

121 

lU 

129 

134 

ua 

97 

99 

S3 

91 

36 

91 

105 

36 

— i — 

55 

51 

49 

52 

49 

55 

40 

47 

A? 

477 

AT? 

4777 

4777 

47777 

47777 

79 

SO 

619 

620 

631 

632 
637 
630 

D*4D 

0.35 

0*61 

0,49 

0*93 

1.00 

l.U 

1*46 

49 

52 

79 

75 

76 

96 

90 

118 

U6 

123 

122 

122 

121 

142 

a? 

90 

09 

97 

37  1 

35 

31 

t02‘ 

35 

50 

56 

47 

50 

46 

48 

59 

50 

All 

A8 

Add 

4g| 

4813 

4380 

43130 

48803 

91 

94 

656 

653 

667 

668 

679 

600 

0*79 

0*30 

a*B2 

0*34 

1*24 

1*24 

1*74  1 

1*37 

66 

60 

63 

59 

35 

90 

91 

95 

_ 

uo 

121 

113 

lU 

112 

117 

133 

119 

96 

89 

34 

33 

as 

32 

84 

90 

50 

W 

45 

44 

45 

49 

55 

48 

4 

B 

C 

C 

m 

041 

966 

843 

307 

295 

0*15 

0*30 

0.12 

0*14 

0*35 

IS  ■ 

23 

39 

35 

53 

123 

121 

133 

124 

116 

09 

90 

90 

95 

39 

48 

40 

47 

49 

53 
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CONCLUSIONS 


the  various  quality  tests  of  the  68  TFE-resin  coating 
systems  led  to  the  following  conclusions:  ^ 

of  1"  detemlnlng  the  quellty 

of  tte’nil  Hldf  Ih  X  aagnlficatlon  vlll  reveal  all  the  defects 

If  thefaw'notl^thrs^tMS!”"”™ 

lt?Ze«LLnr  ”™-f«rou,  eubetratee  should  be  employed  for 

depeld^TottJeWnS  mZl“  S':''’  r'” 
wtrrjel  “?i2s‘^'T  “ ^ri^dlrZfZl^xZl: 

deteraiHnp  adequate,  nondestructive  instrument  for 

determining  the  surface  roughness  of  TFE-resin  films, 

fftr  I«+  B®nd  Test  is  a  more  reliable  method  than  the  Shore  Durometer  Test 

~ss.sr  :.“• 

..iS",  ”2Jr  “"•••  “  •» "“““ 

mf  1  systems  ulth  a  fused  film  thickness  in  excess  of  n  o 

??L  S  "f  containing  gray  enamel)  provide  adequate  pSctlL 
(1  8S  than  one  spot  of  corrosion  per  square  inch  area  anH  no  u 

subjected  to  32  hours  salt-spray  wposu^e" 
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f “‘fW™  (“It  «Pr«y  Mrf  high  tamldlty)  black 

^^7?  I”  tald  envlroiment,  the  black 

Md  yellov  enaaela  give  the  beet  protection.  For  the  coating  eyetem  with 

good  “rroslon  protection  and  for  use  as  a  thin  lubricating  coating,  refer 

^  31  for  the 

ranxing  of  the  enamels, 

A  16-hour,  20  percent  salt-spray  test  is  a  good  continuity  test*  its 
main  drawback  is  that  it  is  destructive,  * 

tion'^nrnv?HpH  the  corrosion  protec- 

^  Tra-resin  coating  is  informative.  From  the  different 

fu?  ^^®  substrate  by  various  TFE-resin  enamel  coatings. 

c?  determining  the  adhesioi 

of  the  individual  coating  to  each  is  not  known  because  no  blisters  were 
formed  between  any  of  the  coatings  investigated. 

“elfS  “  detemlned  by  the  wettability  tests  are  desirable  in 
i^teH.rf  °"‘S  TFE-resln  surface  Is  shown.  Such  tests  performed  on 

material  as  ordered  may  possibly  reveal  the  minimum  amount  of  TFE-resln 

®  dispersion  that  would  be  necessary  for  coating  applications. 
Wettability  tests  also  may  reveal  a  contaminated  TFE-resin  surface  due  to 
faulty  coating  procedures. 
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PART  2 


APPLICATION  OF  TFE-RFSIN  FILMS  ON  ALUMINUM  ALLOYS 


INTRODUCTION 

treating  time  at  sintering  temperature  required  to 
LrLnf  TFE-resins  may  have  a  detrimental  effect  on  the 

coSuion^  of  aluminum  alloys,  especially  those  in  the  hardened 

thf surfa^P  ^0  obtain  the  time  required  to  heat 

7000^  Irth«+  f  various  cross  sectional  thickness  to 

minimum  sintering  time  may  be  used.  It  is  understood 

Jf  fu^^Lr^'J.  numerous;  type 

of  ^rnace,  furnace  capacity,  furnace  load,  method  of  heating  (usinr  a 

the™«^  furnace  versus  heating  furnace  from  room  temperature),  the 

thermal  conductivity  of  the  metal,  its  surface  condition,  and  ihe  presence 

t^  thermal  insulating  coatings  on  the  metal.  It  was  decided 

table^siiilar  which  would  result  in  data  to  establish  a 

OD  10362"  wh[rh  ’’Proposed  Revision  of  NAVWEPS 

UD  10362  which  is  appendix  A  of  NAVWEPS  Report  694S.2 

Section  A  of  part  2  encompasses  the  investigation  of  the  rate  of  hpnt^nrr 
of  the  surfaeee  of  al«l„un,  alloye  to  sinterln/ten.perature!  ?n  addUloi 

TFE  resin^slnt  ?  +II*  heat-treating  cycles  encountered  in  * 

alum[n,^«n  ^  mechanical  properties  of  a  number  of  specific 

efS+r  ^^Tions  hardness  conditions.  A  study  of  the 

aecu™  B  of'artT 
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SECTION  A  -  RATE  OF  HEATING  OF  ALUMINUM  ALLOYS 
experimental  PROCEDURE 


1°  determine  the  time  required  to  heat  the  surface  of  aluminum  allov 
specimens  of  various  cross  sectional  thicknesses  to  a  temperature  suffiHent 
0  sinter  thin  coatings  of  TFE-resins,  alloys  3003-F  and  5086-F  were 

thermal  conductivities  which  approach  the  extremes 

5086  is  0.30  efts 


Note: 


Cgs  units  =  calories  per  square  centimeter 
per  centimeter  of  thickness  per  degree 
centl^ade. 


Specimen  blocks,  4-inches  by  4-inches  by  ^-inch,  ^^inch,  1-inch,  U-inches 

alloys,  and,  after  having  'been  ' 

heated  in  air  at  700  F  for  30  minutes  to  oxidize  the  surface,  were  placed 
hL^P^rH  Thermocouples  were  inserted  in  holefwhich 

inch  of  surface  and  within  l/l6 

su^farp  (Attempts  had  been  made  to  attach  the  thermocouples  to  the 
"0"®  were  successful.  Although  the  thermocouple  will  not 

Tvalue  wlthif!  T  e^wre,  it  is  thought  they  will  Indicate 

within  a  few  degrees  of  that  at  the  surface.)  After  placing  the 

thermocouples  in  good  contact  with  the  aluminum,  the  holes  were  plugged  with 

Trnof  furnace  heated  to  700°  ♦  3°F.  When  the  furnace  relched 

until  690OF^7fr^  recorded  at  4-minute  intervals 

until  690  F  (in  some  cases,  700°F)  was  attained. 

The  same  blocks  were  completely  coated  with  TFE-resin  aluminum  primer 
y  spraying,  were  air  dried  for  24  hours  at  room  temperature,  and  tested 

blocks  were  then  coated  with  TFE-resin 
gray  enamel  (this  was  considered  the  second  coat),  and  after  a^r  dryine  a 
minimum  of  24  hours  the  same  test  procedure  was  repeated.  A  s;cond^Sat 
tfsted!^  applied  (this  was  considered  the  third  coat)  and  again 

exceSt'^thfrthe  ®wbjected  to  identical  tests 

750°F  ^  n  maintained  at 

^50  F,  a  temperature  sometimes  used  for  sintering  TFE-resin  films.  Again 

the  temperature  indicated  by  the  thermoconoles  was  recorded  at  /-miniitp  ’ 
intervals  until  740®F  (in  some  cases,  750°F)  was  attained 
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results  and  discussion 


alloys  with  increasing^cross^sectional  s^clmens  of  two  aluminum 

temperature  after  th^fu^naL 

recorded  in  table  33.  The  ftAt  nnm^  the  desired  temperature  is 
»lnute,  required  fo^th^bloTt  “th'jorb\&1„d?*  t*'.™ 

-  beebdu.  bewerb^r.\t“ 

be  tS”t°facrvalue''*beMMe^tte^trm*'’°  not 

tbe  epeclfied  temwratire  ™hL  t!  **’*  t= 

recorded  In  tabled  Sid  L  noTL”.'"-  “  1= 

«  greater  Influence  on  tbe  S  o^^S^ce  SZ’thS,b“’ 

•beence  of  tbe  tbln  tbemolnsulatlng  TFE-reSnL! 

ua,  o”Se“d!  “?  L"beSrS  SSe'”"S'?  33 

spproacbes  that  of  tbe  furnace  theS^^  S“*f  ’■'"P®”*’'”'  “f  ‘be  blocks 

treaWsS™eSl“nS  Sfh  '’®*‘ 

cured.  ^  examined,  and  the  films  were  found  to  be  completely 

wlthS?erSrolTth‘eSf.'^?‘”'"*‘\“°‘'''  have  been  performed 
furnace  and  Sace  temSS  at'tbeScm.?t”‘'  “f 

SrSoScrk  S'lSu*r  r?h  P®e3?onther^S'''”'“ 

usem  info^atlon  than  If  the\ari:bles\S%eTm‘oSlSi;'c™t™ILd. 
wereSe-'’'  "'‘"P  ‘b®  »«"e,  the  following  observations 

tempe';S:\SXs  oTSSoL"  s”S”.'°"^- 
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I  able  33  -  Time  Required  for  Aluminum  Specimens  to  Attain  Furnace 

Temperature  after  Furnace  has  Reached  Desired  Tem¬ 
perature  {in  minutes) 


3003  Aluminum 


Specimen 

Thickness 

(in) 

70C 

)Of 

I _  750°F 

Uncoated 

Primer 

Coat 

Second 

Coat 

Third 

Coat 

Uncoated 

Primer 

Coat 

Second 

Coat 

Third 

Coat 

1/4 

1/2 

1 

1  1/2 

2. 

9-21 » 
X4-26 
31-71 
34-71 

52-  • 

16- 
19- 
36-  . 
40- 
42- 

9- 

12- 

40- 

42- 

48- 

9- 

20- 

36- 

51- 

36- 

7-19 

17-28 

30-60 

33-60 

51- 

1 

11- 

22- 

34- 

36- 

45-  1 

10- 

20- 

29- 

39- 

39- 

1 

13- 

20- 

29- 

32- 

34- 

5086  Aluminum 

1/4 

0-9 

1 

9- 

6- 

20- 

5-9 

12- 

13- 

22- 

1/2 

8-20 

'14- 

10- 

20- 

9-15 

20- 

23- 

1 

22-54 

33- 

41- 

54- 

21-50 

26-  1 

42- 

20- 

1  1/2 

26-59 

34- 

42- 

54- 

22-50 

35- 

U- 

2 

49- 

42- 

48- 

37- 

46- 

44- 

44- 

■r-* 

35 

*  nmber  indicates  time  for  specimen  to  attain  temperature 

indicated.  First  number  gives  time  for  specimens  to  attain  10° 
below  temperature  indicated. 
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Table  34  -  Time 


Specimen 

Thickness 

Lia) 

1 

Uhcoated 

First 

Coat 

1/4 

90 

90 

1/2 

90 

90 

1 

90 

100 

1  1/2 

90 

100 

2 

98 

95 

1/4 

90 

90 

1/2 

90 

90 

1 

90 

100 

1  1/2 

90 

100 

2 

98 

95 

*  Furnace  at  708°F 
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Required  for  Furnace  to  Attain  Indicated 
Temperature  (in  minutes) 

3003  Aluminum 


PsgiwBgyg 


SlSHSIflRSl 


afSHniiiHi.ii 


^Bsaiig 


[HLl'iasiSE 


IBSBSSAffil 


iMiiUif 


roMpei-flture  viih  Tl«  _  Alloy  5086 
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FlguTB  3  -  Chun^  in  Surfftc*  rfrapetmtirm  vlth  Tij* 


IIAVWEPS  REPORT  6969 


on  ^i*  0^  heating  the  iXirnace  (lO 
90  minutes)  has  greater  influence  than  the 
resin  coating  0.3  mil  thick. 


minutes  difference  in  a  total  of 
presence  or  absence  of  a  TFE- 


5.  Eight  degrees  variation  in  furnace  temperature  will  cause  a  crr«Af*f 

a;:.  "£?«sr»r.:  z““  •'  ■  “  “  “ 


wwavs/ 


A  table  of  the  type  desired,  at  best  can  be  only  approximate 
Too  many  uncontrollable  variables  exist  for  it  to  be  exact. 

nf  approximate  table  is  needed  for  if  the  mechanical  properties 

of  the  aluminum  alloy  substrate  are  going  to  be  changed,  they  will^be 

•b'i  not  because  thej  have 
b.e^.ubJ.cted^to__the  temperatyre  for  a  specific  tl»e.  (See  the  remits 


Comparison  of  table  33  with  the 
(Steel  Surfaces)  shows  the  two  to  be 
may  be  used  as  an  approximate  Fusing 


Fusing  Time  Table  of  NAVWEPS  OD  10362 
sufficiently  alike  so  that  the  latter 
Time  Table  for  aluminum  alloys. 
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Section  B  -  Effects  of  Heat  Treating  on  Mechanical  Properties 
of  Specific  Aluminum  Alloys 


EXPERIMENTAL  PROCEDURE 

The  work  performed  in  this  section  of  the  investigation  was  under¬ 
taken  to  determine  the  effect  of  heat  treatments,  required  in  the 
application  of  thin  films  of  TFE-resins,  on  the  mechanical  properties 
of  some  hardened  aluminum  alloys.  The  following  aluminum  alloys  were 
Investigated : 


Alloy 

Temper 

Alloy 

Temper 

3003 

0 

5154 

0 

3003 

0-A 

5154 

H-32 

3003 

H-12 

5154 

H-34 

3003 

H-14 

5154 

H-36 

3003 

H-16 

5154 

H-38 

3003 

H-18 

5056 

0 

From  16  gauge  sheets  (0.0625  inch  thick),  12  tensile  specimens  of 
each  alloy-temper  condition  were  prepared  according  to  Federal  Test 
Method  Standard  No.  151,  Method  No.  211,  Type  F2.,  The  specimens  of  each 
condition  were  divided  into  four  groups  and  handled  as  follows  before 
being  tested; 

1.  Group  A  was  tested  as  received. 

2.  Group  B  was  heated  to  TOO^’F  and  allowed  to  aircool  to  room 
temperature . 

3.  Group  C  was  treated  as  Group  B,  then  heated  to  700°F,  maintained 
for  5  minutes  at  this  temperature,  and  quenched  with  a  water  spray. 

4.  Group  D  was  treated  as  Group  C,  then  heated,  and  quenched  a 
second  time. 
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Except  for  Group  A,  all  specimens  were  placed  in  a  room-temperature 
nimace  and  the  temperature  raised  to  700°F.  The  furnace  used  was  a 
iarge,  walk-in,  recirculating,  hot-air  type. 

The  heat  treatments  used  were  to  simulate  those  encountered  in  the 
sintering  of  TFE-resin  films.  Group  A  gave  the  mechanical  properties 
as  received;  Group  B,  the  properties  after  an  oxidation  heat  treatment; 
Group  C,  the  properties  after  the  primer  coat  had  been  sintered;  and 
Group  D,  the  properties  after  an  enamel  coat  had  been  sintered. 

The  mechanical  properties  obtained  were  tensile  strength,  yield 
strength  in  0.2  ^rcent  offset,  elongation  in  2,00  inches,  and  hardness 
in  Rockwell  superficial  15-T  values. 

It  was  indicated  in  NAVWEPS  Report  6849^  that  no  reaction  takes 
place  between  aluminum  alloys  and  TFE-resin  coating  during  the  sintering 
process  which  affects  the  mechanical  properties  of  the  alloys;  therefore 
in  this  Investigation,  it  was  not  necessary  to  coat  the  aluminum  specimens. 

RESULTS  AND  DISCUSSION 


The  results  of  the  mechanical  property  tests  of"the  aluminum  alloys 
^bjected  to  TFE-resin  sintering  heat  treatments  are  summarized  in 
able  35,  in  which  each  value  is  the  average  for  three  specimens.  The 
yield  strength  was  not  obtained  for  the  3003  alloys,  as  the  specification 

The, alloy  identified  as 

3003-0A  is  the  same  as  3003-0,  but  from  different  sheet  stock.  The  first 
value  in  the  hardness  column  is  in  Rockwell  15-T  superficial  value,  the 
second  in  Brinell  500  kg,  load,  10mm  ball  value  which  has  been  converted 
from  the  Rockwell  scale  where  possible. 


As  expected,  the  mechanical  properties  of  the  annealed  alloys  were 
effectively  the  same  before  and  after  the  simulated  TFE-resin  sintering 
heat  treatments.  Considering  the  properties  of  the  hardened  3003  alloys, 
the  first  heat  treatment  (Group  B  specimens)  with  the  slow  cool  caused 
the  largest  change  with  the  resultant  mechanical  properties  approaching 
those  of  the  annealed  alloy.  The  second  heat  treatment  (Group  C 
specimens)  followed  by  a  water  quench  tended  to  reverse  slightly  the 
direction  of  the  change.  For  the  third  heat  treatment  (Group  D  specimens) 
followed  by  a  water  quench,  the  mechanical  properties  again  approached 
those  of  the  annealed  alloy. 

With  the  hardened  5154  alloys,  except  5154-H32,  the  mechanical 
properties  were  also  effectively  changed  to  those  of  the  annealed  alloy 
after  the  first  heat  treatment  and  the  final  mechanical  properties  showed 
no  significant  changes  for  subsequent  heat  treatments.  The  mechanical 
properties  of  5154-H32  fall  approximately  half  way  between  the  annealed  and 
hardened  condition  after  the  first  and  subsequent  heat  treatments. 
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the  tensile  strength  end  hardness  and  the  Increase  in 

tempered  aluminum  alloys  showed  that  the  "ira- 

Iten  fowfdfrJr'>  detrimental.  It  was  the  Group  B 

P  {  Idlzlng)  that  gave  the  greatest  change  in  mechanical  properties. 

COMCLBSIONS 

thelr^iZi^!;!!'  ^  condition  will  have 

propeXT'  ““I  s“lUr"'in 


recommendations 

slnWing'm  the  maximum  temperature  for 

coating  ta  •’^''‘1*™'^“''*  »>>ove  800<>P  cause  the  TFE-resln 

r^r^Le'r  u”de“re«ed~'"  ““'I 

“  n^alXreaUon^^” 

put  in  a^eoSnle^relL’*^?  m'rrein’’"”*'? 
dispersion  and  result  in  an  improved  quality  ofcoat^nr 

wlth^TFE-iMln“ri?™T2  J'’'  condition  should  not  be  coated 
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